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Eio cnC. doBlui oi* uti*uc :/'».U’oa v;ith 

r;;aro tlicXi ono iIo^.'co or ri'codon iiid oubjocucd to 
c.y.-.cxTic IcactOj, IzivolvoG the air-iultcincoua aolution 
cd occoiid o'-'dci"* dii‘i‘ci'*ont 5 .al ooucrcionn v;h.ich can ’oo 
toCdo^ic. AdctliiC to tlio ccT.nloxity of uio problcn 
£.c tlio fact that tho iVociuoncj' ccsr4)onitloii of tlio 
foi'cii^c ftjiction must bo considored i.lth ronpoct 
to each nc.tiu'al riodo of vibration ai?ioo tuorc ro,’0 
;:a many nat'iircil j'aodos of vibration as thoro aro 
Cm^jroos of froodom, Ofton, oopociGlly in tho c;;sg 
of tlio dooi{jn of a otruetTU'O to roaiot dynm^iic 
.cadOj> tho 'problor.1 ir; reduced to a long and tocliouo 
tricl aid cra*ox* pi*oco 3 c ct best. 

A dozl^i problem involving dynar;ilc loado 
•.fiich io fr-oquontly cncountorod is that of vibra- 
tion isolation atructuroa uiilch nay bo ropi'ooontod 
by -tuo iuacocD and tvo do^rroca of froodon. Somo 
tyriical onaraploo x.-ill bo givoa lator. a two 

story chonr building as 'tlio baoic nodol for such 
struct“u»OG end with the aid of a high epood 
oloctronic digital conputor, tlio autlior has obtained 

ahjiultonooua aolutions of tho govoming difforontial 
oeuations of motion caoli maos lor varrouo atiff- 
aiooa, laaoa, and froci'aoncy ratios, tho oncitation 



Fir:3t tho 



c-' •i.ic j np:>llcd in t\:o :;ay.*3, 

...ouoi :;urj oubjoctod to periodic baiio notion to 
ol.:.u':.oto ii’O'ond notion ca'aood by oarthquoI-:oa . 
..ocondly, tl'iO noiiol t;ao oixbjoctod to a poriodic 
j?or-cini: runction ciyjpliod at tho oocond ctory of tho 
node! to cinoil.'.tc vibnetiono cauaod by rotatlnc ov 
I'ooiprocating nochinony. 'HIio rooponno of tho nodol 
in o eh of tho ebovo caoes io •px'oooatcd in tho fom 
of cunvoo end r:oriioCf’aplia (chartc), ffiio thoory and 
tho nothodo ucod in obtaintno these chsrtc and 
3hoir apy/llcation to tho cloai0i of vlbi»at:lon isola- 
tion otr'uctm’oo, involving tv.-o raasoes and tv70 
docnoos of fncodon, follo;;o. flio authoi* vriahoc. to 
criOhaciso tho fact that tho Intont and pui*pooo of 
this thosio is to provide sinplifiod dooi^i prooo- 
duros for vibration iaolaticn atmcturoc \fhich 
can bo roaconably ro7>reaGntod by a tv;o doerco 
freodon oyaton* Infomaticn relative to proviouo 
;;orI: in thia arcuj apocifically with regard to 
design of structurco to roaiat oai^thqualco forcoo 
a*ay bo foxtid in roforoncce $ aisi 6* 1‘ho doeigii 
iraothod p>rcscntod horoiniiftcr is an oictonalon to tho 
woz'Ic Kontionod abovo. 
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F*'cc-v 2 i-oy or i’oroirifi; i\<nctlo:i 
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•V 0 . » V.* O C iJ» Jc. ‘•-x -*."X 

iiiow eico fr-ot;-: cxt-i‘cao i'ioni'* to afcool I'oinforccraont 

:.u:‘:lrturi ctreue allovjovl In conei’oto 

tMaeunco bo t'.: son nc-ultoiibe ot tZ'i© tcncilo and 
cc'.r'X-'^nolvo ;C‘onoe3 c:i tho oootiori. (orproijeod 
a r3.'octior: or a.) 

I.viotanc.o ,tb?o.ir; onti'^otio cocipX' 045 nS.vo iUboi- to 
noutsb'ii rccitt (aospS'Oeaod :\o a iVaobdon of d) 



jL‘.ao 



-'ubacidpt 1 oi> 2 or* tb.o 3an2ioj?al 1 oa? 2 



rolio;vi:a {3 arn^ cae atov'o o/./ibole rarer to naoo 1 
o'r 2 i‘00250otlvo.l.y, rnop 1' or maaa 2 refora to tdao 
oc-aivodont n^:n 2 or tiriO lot or 2xtd story .I’ospeativoly 

Oj» txao ijj-kOar *»’Ubdd«j«n^* 
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•j;::o riultlctory builctlnc; ia t-ho Lioot 

c::c::x:oio of a r/o"'uci;uro \ii'iloh r-ovoa 
r.ciay doi.rooo of froodDri. Ecr-ioxabcx'^in^;; that a 
r'l^,ad body liao cx:t doijx’oon of fx’oodo'.:^ the 7.'ot*loia 
vf each fleer* coxilcl bo doocid.bocl by 6 diffopoirfcial 
ocaationo „nd thOi*cfor-c the rrotlon of a t'wO stopy 
l^aildinc ■v.'Ould r*o< 2 ,i;lPO 12 dlffcx-oiitial equations 
of ,r.otion. iloirovop, tlio voptlcal ctiffrioss of a 
b'allClxr': is lanch £p.-oatop then tlio hoi'lsontal 
jtii'fnosa so voptic 1 uPcnslational notion erfi 
rotational notion about hopiaontal anoo con bo 
disroesrdod* A fup-ihop sixmllflcntion can bo node 
if oho ctracturi’O is syraaotrical bocauso tho iurLabop 
of Ciprutions roco.ir-od r-oducos to tIn*Gc cota of tv:o 
efa..t;lons oach with each sot being indopondent of 
the otliora, liicy ar'o a sot in X-j and a sot 
pcppondiculca'* to X-\ md in tho ijorisontal i)lcaro, 
and a sot about the vortical ar;cs of each floor, 

■hio nodcl that is to b o usod is called a 
choa*' baildjuig, sco f:l(ur’o 1 , By nogloctiirg, tho 
rotation of a xioriaontal 30ct5.on at tho lovol of 
tho fleers, tho building in horizontal dofloctlon. 



k .*0 ^«z.'O0 ^ «^ci w» *»**-* c-.iTi uX J1.0 
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O W V-L-l *J J V# *yO *-fcA*0 XvX*C^^*-> • i' 0]I^ XrfXXO 

,*i.* O llkXXXX Ja*-j Ow UWaX OC'tXaLO^ G. 

xva.icc.:ij. jlii-oo baaic .‘.'.anir^ptiona nuot b o 
.a..^o to xncui'o bixab only hor2.::ontol aorioctlono 
..“111 oocu'x :;Lcn oncor* t'ypo £‘orcoo cro oppiiod to 
ono xurxictur'o, Pir,.tj tho olotributou rxocD ox tlio 
C'.vCo'^j and col';x*uio ia concoritr'xtod at 'tlio flooi^n, 

.. OvvC;ond acair.ipijlon ^inoa txio jointa bot’,;con tho 
col'a;.na and tho ^^inccr-a a./>:inot rotation by nahing 
dio jircoro inTir.itoly rii'id aa compared to tho 
C'^lu.;na, dho third aaaxxapt^.oii is that tho dcfoiraa- 
\:ion or tlio stinacturoa la indopcnclcnt of a:cial 
rorooa in tho coin ns so that the- "irdors rcjxain 
atoriacntal nhen diaplacod hui’isontally. 
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Figaro 'i 



In tno of vibr-.iwion isolation iitiiicturco tho 






p::*oblcr.i3 



ia 



(,cnoi*alIy conri-ontcd \;Vih 
Ono uituatlon noy roquiro 



tv:o 1;yr5oa of 
tlio lool.Tfclon 



of pioco of oira!.pr:cnt xror.z cntomal vibrafclona ouch 
CO poi'xodio foundatioii novcmonvo ox* ojirthquaiCoo. 

'Zio othur* vJitUi'.wioxi nay bo tho loo3.a{;lon of un- 
bw^li-.ncod rotatiDfj rstochlnory, such ao a roch cruchor 



fx’on ills roxuidfjuicn. Accondinp,ly, in tho solution 
of tho ^:.ovor'nin£: uifforonfcJ.nl oquation of aofcion 



tliO tiro afcoi'y nhoar building, nodol, fcvro condi- 



slona of oncxfcnfclon '.d.11 bo uood; rn*Iodlc baao 

i.ofcion and a pcx*iodic foxT-cinj^ fTxncfcion uppllod 
hox'lsont ,'lly fco fcho cocond floox*. 

Tho {jovoi’nlnG dilTorcntiftl ociuafcion of 
notion la dox’ivod fx’oa Hovrfcon'a Second Lau of 
notion. Ixi 03 auch oc Ifc can bo found In miy baoic 
tonfcboolc on dynm-ilcoj auo’i aa J-acobson end Ayro [l3* 
iiocoi'3 ^ 2 ], Ifca dorivafcion ia oxiiifcfcod. 

Finally, booauao fcho aboolufco rinrJjxrvXra dio- 



placenonfcc and accoioi’afciono ■nioat: probably \^ill 



occur dixrisig tho fcr*an«ioiifc ora. oxoopt vfhon a x*oso** 
nant condition oxiafca, an vrill bo ohovjn lator and 



becauao doai^n crltoi’ia ai»o nonrially br.ood on tho 
abaolufco njuxdxai.'saa, darax>lnc# nliich uouolly oxtLofcs, 



txill bo oraifctod lii the solution of tho ociuationa. 




reproach for atinictruroa i;’aooo froo vibration can bo 
roaolvod into noraial nodo?i of vibration io tho 



oxcicxplo, oquafciona for tho froo vibration roopoixoo 
of cucli oti»uotaroo can bo vn^ltton dirootly and in 
£;onoral fcopoia oo 



thoir roopoctlvo fi’ocacncioo rsaat bo obtained firat. 

In aa unoii ao tlio mitlior la doalliiij only with 
a two doGTCo of froodon oyctan in a dooif.'n oituatloa 
ho foolo that tho noo of tin nodal nothod would 
jiot further alrapllfy tlxo problcifu Havisic obtained 
tlio oquatlona of notion by tiio application of 
D^^ilonbort *a Pi'lnciplo to froo bodioo, tho solution 
of thooo oquutiotio ao obtained by tho autiior's 
approach is oacontially tho ocno as that of tho 
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whoro 




y » x’olativo dlsplaconont at point n 

« ahapo of tho i th nodo of vibration 
p|^ » natural froc]uoncy of tho i th ir.odo 



c.^ “ pai-'tlcipatlcn factoi* of tho 1 th nodo 
Howovor, to use this nothod tho nodo ahapos cid 



r-iodal nothod* 



Aoaur-driG -blio ba.;o oi* 1:iio i.wdol In Tlc^tro 

I Iv. oubjcctod to n THsrlo.'Ilc dl:jplaciriont, X{t), 
u':io i]QVovi\LrjC dirroi*o:itiol o<X4i'itioao oi* notion ToJ* 
o.,.ch nao.j cc^n bo vrith tho or tho froo 

boslion D'ao’.-'ii In i'lcyo.'o d. 
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diE^zi'tlnc; forooo in tho hoi*lr;ontal direction glvoo, 

Kj}q* '«• K^X-J - i%(Xs - X^) « K^X(t) (a) 

-i- Ko(X^ - X-| ) « 0 (b) 

Lotting X(t) sa >srri Gin nt# i;horo >5*^ io tho ziaxlmm 
dloplaccnont, nnU voarz-oni- oriuatlons (a) and 
(b) bocono 

H.j}q» (X-J 'J' « K-|Xn oin ut <c) 

- X2^1 -S- K^Xa ® 0 {($) 



?^D’Ale;n’ocpt*a Prlnolplo: 



Tho roGultant of tho offoc- 
t2.vo forcoo for all panti- 
cloc of a body, if revor'oed 
cazd ai:;ica 2 cd to act on tho 
body xrith tho ontornril 
for coo, ulll hold tho body 
in equilibriura# 



A pnroiculor oolution, najncly q otationory 

liai-^’ionio solution of tho oinclo froqucr.cy \r will bo 

obtalnod If X-) « ain v/fc thcii upon clif- 

fcrontiatinc with roapoct to t 2 -j aln vt 

end in a liho nannor if Xo 
2 

X” = Zo oin vxt whci'o Z-j iind %2 aro tronsiont 
Biaociniun dioplacoraonta. aubatituting into oquationa 
<c) and (d) and collootln" toma 

(K-^ + Z^ - KpZ^ * 

-KoZ-i + (Ko-XpVT^) Zp 0 
Pi>o3i tho alnultancoua oolution of oquotiono (o) 



and (f) 
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K-| XaKp 

hTi~ 
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A hcM,o^:onooU3 oolution la obtained by con- 
aldorinj^ tho notion of tho nodol dirlng froo vibra- 
tion. Equatioiia (a) and (b) oro applicablo if tho 



hr.nd nido ia uot oqiul to zovo* If cod 

pt, a 2 =Y 2 cod pt, X^j' « -p^ Y-j coo pt, end -p^2 

COD pt '.;hono Y".^ and Y;> arc r.a:cln\nn dlcpiaccKonta 
and p In tlio natui'al circulc.r rroquoncy of a partlc- 
;ilar node, oquationn (1) and (j) result after ap- 
prcpi’iate cubotitutionD arc mdo and terras arc 
colloctod, 

-X-Y-jp^ Y^{K>j+Ko) -^K^Y^ « 0 U) 

-ii^Y^P^ - Y^j:^ ^ 

In order to obtain azi equation for the natural 

circular froquoncy in torrao of lcao;m quoiititioa lot 

the cnplitudo ratio a« 2 then o qua t ions (i) and 

Yjf 

(j) bcoorao 
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K2 






(1 ) 



'nio frequency equation io now obtaSuiod by olirainat- 
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ins »• from (k) caid (1) 
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fC. K 

+ 1 2 



^h^2 
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'flic two poaltivo roots obtained fron thia equation 
ai'o tbo natural circxilor frequoncloD of the first 
(lo'..'or) and socond modes namely. 
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3 y aubatibutinc p-j ov into oitboi* oipaation (!:} 
oi’ ( 1 ) tho mplitUA'le rttfcloo or roapoctivoly 
nay bo obtainod. 
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A coiuploto solution of tho oquationa of jKotlon 
la obtainod by addinj'^, to tho homo£;onooua sol\ition 
tlio particular oolution. 'ilio fomn of tho roault- 



inc equations arc 

coa p^t + B-j sin p^t A 2 coa P2^ ^2 ^2^ 

ain vrt (q) 

X2~a^jA^ coo p-jt ■*■ ain p-jt + ^2^ ^ 

OoBo ain p_t Zo oin wt (r) 

wliex’o A and B aro ai’bltrary conatantn that nako tho 
equations aatiafy tho fo3.1ovrlng initial conditiono* 
Aaouning that tho ayaton Is Initially at roat vjhon 
t=0, then X^~X2-X-f**X2=0. Thoroforo at t=0 






.;S.nco a-j 'i a^ 4 0, A-j=A2-0« Difforontiat:lr>c oqua- 
tioiia (q) and (r) onco i;lUx I’oopoot to t tbo follow- 
ing oqnnfcionn rooult t;hcri t-Oj 
xj= P-jO-j + ?2^2 **" 

o-jp-jB-j + ^ 

A airaultanooua solution ^:ivoa 
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oubstitutinc into oquatlono (q) end (r) 
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p^t + ain vrt 

Z -n Z 
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2 2 



1 1 Sin p-jt ■♦•aii \ *'*2 * 1 ^'l 

a^-a^ J ^^2 



ixn 



(a) 



(t) 



p^t a in vrt 

whoro 2 and a opo givon by oquatiom (g), (h) 
and (o), (p) roapootivoly. 

C. I3XGXT.\TX0:J by PiSRIODlC FORCE APPLIED TO iFJP ^R5)TaTT0TtfRS 



By applying a forcing function P(t> to tho 
second floor of tho xuodol tho resulting dlfforontlal 



ocxuationa of motion arc 



(aa) 

(bb) 



+ K.jX-j-K2(X2-X-, )=0 
Il2X^ 4- K2(X2 -Xi)~ P(t) 



Applyiinj tho samo procodur*© used in oubpart B tho 
particular oolutlon of oquatlona (aa) and (bb) 
rocult in 
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V* 
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(lih) 



uiioro P io a forco duo to tbo roactlon of a laaos 

n rotatins c^bout and a>:io at a diatanoo 1^ from 

•»»-. 2 

ito maao contori P-15? w 

Tho oomploto solution io obtalnod by moroly 
aubotltutins into oquationa (a) and (t) tho valuoo 
of and Zp QS given by equations (gg) and (It)* 
Tho o^qorosoiono for tho oraplitudo ratios and tho 
nattiral circular fro<iuoncloo oro the oamo ns 
tliooo dorlvod proviously. TIio constants A and 3 
aro also unchwigod. For moro dotallod covox’ago 
of tho abovo natoriaX tho roador Is Invltod to 000 
Jacobson cmd Ayro (Chapter ?)• 



II. Dr/ELOPKOJi’ OE 



A. cr.rT.\L 

Having obtained a coraploto and tionorol solu- 
tion to tho covennins dil'forontitil oquatior.a of 
luOtion, tlio next atop involved the uao of a hich 
opood olocti'onic dirjital coraputoi* to obtain riony 
cpocixic solutiono to tlio ocuationo, llio data 
Gonoratod by tho compxiter waa mdo a function of 
aa few pax'jffiiotoi’a as pooaiblo in ondor to roduco 
the amoxmt of corsiputer offoi’t roquirod and 
ultiraatoly, to Icoop tho dooinod chai*ts siraplo and 
tho minbor to a r.slninuin. Bach .floor of tho nodol 
hoa oaoociatod with It a mss and a atlffnoaa. Txio 
ays tom o.o a wiiolo iiaa tvro no do froquencios and a 
IVoquoncy of tho forcing fisnctlon. 'fhoroforo a 
total of 7 diffoi'onfc paroiuotoro uoxfld havo boon 
roqulrod. If each parariiotop ;joro given 10 values 
oaoh, then tho number of computations roquirod 
to obtain an .anawor fpr ovory combination 'would 
havo boon 10 *^ which cssoiints to approxii7iatoly 150,000 
printed pagos (11 inches by IIV^. Inciir.s) of oomputor 
output * 

To roduco tho output and to obtfiin data that ^ 
was concino and yot uooful, tiao input to tho computer 



’.fao I'oducod to 4 paramo torn, noi-joly, K 2 /K-J , 
w/p, nnd Ifoto that all of tho abovo ratloD 

c;:copt tho lant ono oro dinonoionlooa. Initially, 
tho author attonptod to roai*3.'anc:o tho oquationo of 
notion 00 that all tcma ;-'ould bo in dinonaionlooa 
for:a. IIo'.-;ovor, boocuoo of tho ootaplox nature of 
tho oquatloiiu a ccraplotol 3 r dimonaionloaa aot cou],d 
not bo roadily obtained. It was tlioroforo docidod 
crbitroi'lly to lot lij equal luaity and tlion rolato 
tho otiffnoflaoa and Ko to » 

2ho range of roaoonablo values for tho ratio 
was dotominod by using Halelgja’o xroll Icnovjn 
Static DofXoction Hothod in TJhich tlio natural 



oiroulfiP frequency of a oyston lo given in Jacobson 
a 2 *id Ayro 1 { 2-f>) as 







J' wyd2C ^ ^ 



J ^^<b; ^ 






in) 



whoro Cr» accoloration duo to £p?«vlty 

A “ static doflootlon duo to conoontratod 
load 

V/» conoontratod load 

y=5 static deflection duo to distributed 
load 



^ diotributod load 






\(p 



ricui*o 3(q) aliov;3 tho dofloc'bod ohapo of tho i’irot 
3toi»y of uliO ohoar building modol waich hao boon 
rototod 90 dogrooa. 




l!ho otatlc doflootlon ^ is oauood by gravity 
cctii:ig on tlao oqui valent niaoc, and irlioz'o 
v;-j=slljg. If tho dofloctod shape in figuro 3(a) io 
r.axntainod until tho nodol is rotm’nod to tho 
upright position as oJiovm in figuro 3(h) and then 
I’oloaood, tho fi'ocjuonoy of vibration will bo glvon 
by equation (u). Booauao only ono concontratod 
load is involved, equation (u) roducos to 
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A I’caoonGblo value of ^ in 1 Inch and 

p*^ 3 O 6 /I = 3 S 6 (suy l-i-OO), roi'.3om.borins alno that 

p'“ oquala ll/iU i’horoforo a range of ration of 
K-j/iij v.'ould bo l;-00 to nay ij.0000 ( A^w ,oi Inch). 

Appendix A containo tho proGTcmn that ucro 
unod in tlio i*opotivo solution of tho govomtng 
dtffoi’Gntial ot.iua‘;5.ons of notion. Tho conpilox* 
lazaguago unod T.’aa FOUTillAAh ?rogi»aiu A~1 io for tho 
bano motion caso and A-2 for tho other cane. Both 
prer-ramn aro Idontical except for tho nubroutino 
'vAiich gonoraton tho m.va^dmun trannient dosplaco- 
nonta, Z. 

TliO required input ia aa f>llowa : 

irJ tiu’oueli Ul}. - tho miiiibor of valuos for 

each paraxaotor 

HATIO, BTIF, .'3LUG, 'fB'iD - the four poraraotora 

that are roopoctivoly 

K/lt,, 

and v/p-j 

Tho progi’ano generated tho following data i’or all 
cembinationo of input: 

p^~ froqxionoy of fundairiOntal natxiral mode 
p^- frequency of aeooni natural modo 
X-j- diopiocomont of maas 1 
X 2 - diaplacomont of naas 2 



Ao nontlonod oarlior, dooicji oritoria end 
pnocodui'oo noquino that tho dooicn of a atructuno 
bo baaod on sia::lrr*ujia auoh ao tho X7iaxljian dofloction 
or ao coloration cntlclpatod for a Given oot of 
conclitlona. In ootiiallty tho doairod rooponao 
charta aro nanlnox apoctra oiarvoo for tho varloua 
Vaiuoa of tlio four purcmiotora, "noro oro covoral 
;/aya in uhich tho aa^ihrmn valuoa of dloplaconont 
nay bo obtained in aolvinG oquationa (a) and (t), 

I'ho nothonatical approach wou3.d bo to difforontiato 
cvpiatlona (a) and (t) onco \;ith rospoct to t ootttnG 
thooo dorivativoa equal to soro {jsnd then aolviHG 
for t’a which vrhen subatitutod into tlio origilnal 
equations would givo tho nuxiaim values of dia- 
X>laconont. A msiierical opproaoh would bo to aub- 
atituto araall values of t oiiccoGaivoly in orjuatlona 
(a) and (t) and by plotting clioplacoriont vs* tino 
obttjin tiio r.in:'dmiva displacoment. It should bo 
noted tliat both methods are laborious oven \4ion 
uoinQ a computer because the proooduroa doscribod 
must bo repeated for each combination of stiffness, 
maos and froquoncy i'»otlos usod. 

Again, in the intoroct of saving computor 
tlmo and storago opaco tho author chooo a pi'actlool 
approach end lot sin pt « sin « 1 and added tho 



absolute valuoo of tho throo Groups of qum'itltloc 
in their roapoctivo oquationoto obtain tho na:dituni 
di opl cc cciont a * 
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A cor*i')ariooa of voluoo of X-j aid ahowa that tho 
author *a approach io valid* 
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of froodom atructuroa. 


tho autiior*o 



ap}:roaoh ovoroatlnatoo tho truo riaiilmuiTi by appro;d.- 
laataiy 5> or 10 percent If ti o stlffnoaa ratio ia 
very laa *£0 or very anall* If tho otlffnoao ratio 
io noar unity, tho Kiothcd proaontod horolnaftcr 
racy bo vory inacovu'ato boauioo doiapinc haa boon 

no^^octod, Howovor, tho Inaccuracy lo on tho con** 



oui*vfii:lvo olcio 



aiid inprovciTiOnta to tho oricluol 



doai^Ti, obtialnod by tho pi'ocoduroo aot Torth horoia- 



Gi‘wor, ocn bo of roc ted by a luot'o occus’ato aaalyalo* 

D, cn\R'Ta 

It con bo coon i'rom oquatioao (m) end (n) 
what tho frociuoncy of a t;;o ittaao oyatcai ia a fiinctlon 
of four indopondont varlobloa, mt'ioly oacU ciaaa end 



ita I’oapocfcivo otifiTriono. Jotting H-j ocrunl to 
unity tho nun’oor o.C vnrlablofj uoducoa to throo by 
uaiug tho rntloo, ILj/Hj* tho 

ccriinutoi* proguaiu aftoi* iC^j io 

pronultipliod by JCj/iij and . Aa vrf.ll bo 

aoon lator tho xroquenoy of tho fwidoDiontol natui’al 
nodo io an ontoring panamotor of tho dloplacoracnt 
curvoo and a rapid dotomination of thia froquonoy 
io rofralrod. 'nicroforo, and bocauso of tho nur/ibcr 
of variableo involved it v;ao docidod that a nomocroph 
v-rculd bo tho boat notUod for diaploying equation 
(m) graphically. It vma further docidod that tho 
froquonoy ocolo should bo o liiioui* ocalo to 
facilitato reading. 

Having computod tho froquonoy for oaoh con- 
bimition of atiffrio-ta ratio and ciaas i*atio 

ahovm on Chart 1, Appendix B, tho noraograph in chart 
1 waa obtained by ti'ial and error. Firat tho pivot 
lino vma di'cvui vortioally at tho cantor of tho 
pago. IJoxt a vortical froquonoy lino v/aa dravm an 
arbitrai*y dlotanco to tho rigiit of tho pivot lino* 

For tho first try tho frequency lino v/aa dx'avjn at 
tho right odgo of tho pago. A suitobl© linear scale 
for tho froquonoy lino v^ao thon aolootod. Tho 
ooioction of vertical linos for ttio otlffnoas and 
ratio and laass i*atio vmn arbitrary also. Tho lino 



roproocntin^ was drav.n at tlio loft od^,o of 

tlio pa^;o and tho lino ropraaontin^ fit tlio 

loft quGi’toz* point, Tlio lino roproaontlns 
i;ao dotorsainod by oonatruction bocauao tlio Qlopo 
of tliia lino could not bo ai*biti*arily aot at tho 
vortical, Tho nidpoiiit of tlio pivot lino waa 
aaoutncd to corrospond to tho pivot point for 

1*^2* ^‘^^■^"' truotion lino a woro draiaa 

frou thio point to tho pointo on tho froquoncy 
ocalo corronponding to C-j and and tho different 
valuoo of l^/i^ • A oocond pivot point an arbitrary 
distanco bolow tho firot was oaouraod to corroapond 
to Conotruction linoa woro 

clravjn botiroon this point and pointo on tho froquoncy 
acalo oorrosponding to G«) and and tho different 
Values of K^/U^» A lino connoctlng tho Intoraoo-* 
tion of tho roapootivo construction linos is tlio 
lino that i»oprooonta Thus by a '*bootstx'ap- 

ing^' pi’ocoaa tlio values of tlio otlffnosa and uiass 
ratios woro plotted on thoir roopoctlvo linos* 
ALthougii tho procosa appoaro to bo prixuitivo and 
unaophisticatod, adjuatmonts woro laado after aich 
stop ao tliat tho final position of tho linos of 
tho nomograph waa apparent at tho complotioa of 
tho first trial. Only two subaoquont tries woro 



^2 






x*oq\iirocl to I’ofino Cticrt 1 • Ciiar bs ^ end 3, Appondi:: 
D 01^0 jnoroly on o::tonoion of Chart 1 • 

Charta and $ of Appendix B gl\rca tho fro~ 
CiTioncy of tho oooond natural nodo. A alinllar trial 
and oi-Yor procoaa vaa uaod in deriving: tho noiao- 
(p;*apha with, ono oinplification. It iiao foruid in tho 
corsiputationa that tho frovTuoncy of tho socond natural 
nodo varied no tlio ocruaro root of trio ratio 
1^10 xnultiplior lino actually roprooonta tho froquoncy 
of tho aocond natural mode at varloua atiffnorio 
and raaoo ratios at K^/M<j-1000* 

C. DZv3PTiA0SMr-!IH! CHAnf3 

Appendix C contains tho dlsplacoaont charts 
for a tvro mass ayotoiu, fho curvos on each chart 
vero obtained by plotting; tho diop3acamont as a 
function of tho ratio of -tho forcing function 
froquoncy to tho fi'oquoncy of tho fundamental 
natm'al mode for apocific values of otiffnoaa and 
r;aoa ratios* Each ciisrt is for a opocific or 
inclunivo valuo of stif fnooo rati o with a family 
of curves for tho v^xn^o of maos ivitios (1/S>0 to 
50/1 ) . 

Charts 1 throuch 12, Appendix 0 aro for tho 
Caso of poriodio baoo motion. 2ho units of dio- 



placoinoiit ni'o conoiotont with tho xinitn of tlio 
poriodlc dlsplacomcnt . It la intoi’catlnc to noto 
that tliG cliaplncomont of both luaosoa In thio cnao 
dooa not vary if KLj/H^ lo varied, Lookin(^ at 
oquatlona (;j) and (h) noto that tho naxlnum fcroo 
op-'llod to tiio Byatom by tho periodic dlsplacoiuont 
of tho baoo la dlnco is imity tlio forco 

appllod to tho oyatora la directly proportional to 
and If la .ocioll tho oorrosponding value of 
tho forcing function io croiill aiid if is largo 
tho corroaponding value of tho forcing fvmctlon ia 
largo. Per thia reason tho dlaplaoociont dooa not 
vax’y v;lth tho ratio, 

CSxart 13 tiirouc^i Sl\., Appendix C ox'o for tho 
caao of tho forcing funation applied to tho 2nd 
floor. In thio oaoo tho tllaplocosiont io directly 
j^roportional to F vjhich io indoxjcndont of 
Accordingly tiio K-j/M^ i‘atio irmat bo token into 
consideration in dotonuining tlio dinplacosionta of 
tho ayatom, 

I'ho multiplier voluoo in Charts I 3 ttooucJi 
21}., Appendix C aro dioplacomorAa fo? K^/;'l.j=lj.OO, 

Tho unlto aro conaiatont with tho unita used for 
tho otiffnoooGO luid maaaoa of tho system* 



PAOT XII. DE3XGU APJ‘LlCA’j?I0N3 



A. G'-aP’.'RU. 

To illustrato tho uso and application of tho 
cluu'ta in Appondl:c 3 and Appendix C, aolutions to 
tv;o do3l(3n problotna aro pnoaontod. 

It io oaauiuod that tlio otnuotiu’o and oquipmont 
can bo roproaentod by a two maos ayatem auch ao tho 
nodol doscribod In Part I in vrhich H<j oquala an 
oquivalont naau of tho foimdatlon, la q fimetion 
of tho olaotio pi’oportioc of tlio ooil, oquola on 
oquivalont maaa of tho oqulpmont end aupnorting 
frauiot/orh, and oquala tho latornl atiffnoaa of 
tho Gupporting fr.ari:ciroPlc. In tho first example 
oquJ.pmont on a aultoblo sia^port on an isolated 
foundotion io oubjocted to porlodic baso motion end 
tho problem la to doaicn tho otriictnro so that tho 
accoloration of tho equipment io limited to a 
spocifio value. 

In tho second o:camplo it la aaauraod that 
vibration ia induced in q pioco of equipment by an 
imbalancotlbf rotating v;oi^;^t and tho problem ia to 
dosign tho equipment so that tho dofloction of a 
compoiiont ia limited to a opoclflc value* 



Boxoro procooding vrith tho oxa^aploa It 5.3 
nocQBna^y to dlncusa a xaothod of obtaining on 
equivalent otlffnoaa of tho coil maao cupportlng 
tho xoxondation. Ao noted earlier tliis oqulvalont 
atlffnoao io roproaentod by ilj in tho alioar build- 
ing nodoi* In tho diocuosion to follow 5.t is 
oosuiaod that tho render haa loiowlodgo of tho basic 
toms and fundamontala of Goil raoclonico* 

Tno static booring capacity of a particular 
soil mass ia dotominod by a sarioo of atandard 
load to.^us In xdiich a nunbor of concontrated loads 
oro tranaforrod to tho noil by a rigid plato, 
norranlly loos than 30 inchoa in ditaaotor* 

Data, obaorvod during theao testa aro plotted 
giving curves whoso ordinates aro eottlcmont in 
ijachca osid iJhoao abciasas sro prosoui’O intonsitioa 
in tons per aqttaro foot. Theao curvoa aro called 
loading tost ettrvoa and for many soila a typical 
curve initially v/ould bo a atraight lino folloi«3d 
by a continuously atooponing curve. In tli© straight 
lino portion of tho curve tho x’atio botwoon tlio 
prcscuro intensity toid tho sottlomont io constant 
and ia often called tho atatic cooffioiont of 
sottlomont vjhlch la donotod by Opt (See Taylor 
(Chapter 19))* 



Cp® prnsnuro intenqit.y nt pi’onot'tional 

total cottlonont at proportional liriiit 



A aocond coofficiont which vrlll bo uacd la tor to 
obtain tui oquivalont stiffnoao of a t^von ooil 
naao la called o^, tho otatlo coofficiont of olaatio 
un3.fom corripi'oaolon. It Is always iarcor than Cp 
oinco tho olastio sottloraont of a foundation is 
always anallor than its total oottlomcnt: (Soo 
Barken )* 

c^=* pronsuro Intensity at proportional 15 .rAt- i» 



ITlio tanits of Op and aro usually given in tons 
por square foot por inch of oottleraont or in pounds 
por cubic inch* Tho dotomination of suitable 
values of tho coofficiont of olastio unifona coti- 
prossion for any glvon soil is difficult in as nuoh 
as doponds on a largo nunbor of variables \*hoso 
effects aro not oaoily ovaluotod, 'ilio theory and 
dorlvatlon of equations for aro covered in dotail 



oompilod, froKi otatlc and dynamic tost data, a table 
of roproaonttttivo values of for difforont soil 
groups* 



olaatic portion of total, eottlomont at 

proportional limit 




point at v/lilch curvo doviatos from a stral^t lino 



TABLE I 



SOIL 

GKCUP 

CVT-GOHY 



I 



II 



III 



IV 



T i)iUIIS3/L!3r,.2: 

SOIL GROUP 3TATI0 I<^AD ©u 

tonq/rt*' tono/ft /ir; 

Uook colls (cloys end 
silty clays s/.md, 

In a plostic stato; 
clayoy and rillty srnds; 
also colls in cator;ory 
II end III v.'ith lanJ.nao 
of organic silt and of 

post) up to 1*5 up to 7*6 



Soils of nodim oti«ongth 
(clays Olid silty clays 
with sand, close to tiio 

plastic litaitj sand) 1 to 3*5 7.6 to 12.7 

Strong soils (clays and 
silty clays with sand, 
of hard conaiotoncyi 
Sravnls and gravolly 
sands; loose and 

ioosslal soils) 3.5 to 5 12.7 to ?3A\. 



Uochs 



groatcp 
tixan 5 



{jroator than 

25. 



Tlxo values gl'von In Table 1 opo by no laoesno exact 
but opo suffiolontly popposontativo of actual values 
to givo pollablo dosign results. Using Table I, 
valuoa of dynonlo vortical end lateral stiffness 
of a given soil nass can bo obtained quickly, 

Barkan found that tho vortical dynoaalc otiff- 
noso is equal to tho static c^ nultipliod by tho 
oroa of tho base of tho foiindation and furthop 
that tho latoral dynamic otiffnosa is equal to 
apppoadnatoly ono-half tho vortical atlffnoao* 



D* pr/]iGH BX'\rpr,B 



A D\AE r.GTIOH PRC 'A ’’ll 



A A ootollito trocklnc oamoi’a oxid its cssociatod 
oloctronio ocruipmont is to bo lnota3,lod in a oouthorn 
Caliroiniia dosort (or»i»tliqaako zono)* Iho coiabinod 
Xvolriit Ox tho caraora and olootnonlc cosipononts la 
100 tons all of vdiich nust bo rioantocl on a flndoi* 
platforsi 3 foot abovo Ground curfaoo. ’Hio canora 
is acnsitivo to vortical and hox’lsoiital accolci'a-' 
tiona and it is dosircd to dosiGn tho supporting 
structure ao that tho raaximiai accolorafcion of tho 
oqulpaent during on oarthquako is .26g, ‘Hio siao 
and configuration of tho supporting girdoro 
spoolfiod by tho moniifacturor oro os shotm In 
flguro ij.* _ 



'i 



'X 



Cr/rckKS 




figure k 

All equipment will bo fastonod to tho girdora and 
tho loading ia ouch that all coltcana will carry 
equal loada with littlo or no bonding. 

Wind loada will bo nogloctod as a mattor of 






aiiapllfication. Aoo'aao tliat tho o'oroKooat rocox’dod 
oarthquako in tho vicinity xjap tio El Centre ccr'tli- 
ouckG of I!iay 1G, 19ij.O j'v/ith a maxirrim Ground oc- 
coloration of .33 g> ^ naxitraau (p?oimd velocity of 
13*7 inclicn per aocond, emd a inaxiima G^^ound dio- 
placonont of 3«33 inchoo. ‘iTno frequency of tho 
dinplaconont x-iao about ono-half cyclo aocond, coo 
dlmno, Koacaark, and Coi*ni2ic i^ihg an earth- 

qunlco tho G^^ound uovoo »nt randoxa In all direct iona 
and tho quantitioa recorded above aro acaunod to 
bo roproaontativo of horlsx>ntal aawoll aa vortical 
Ground n:otion» 

A good and oo5iot5.raoa tho only approach to a 
atrxicttiral dynvjulca problcia ia to first doslen 
tho structure so that it v;ill at least bo strong 
cnouGh under otatio conditions. Tlion, having 
obtained a static solutionj amlyao this first 
doGi£n to 800 if it noots tho dynamics orltoria, 
ilaking appropriato adjuatiaonts so tliat tho atructuro 
satisfies static and dynamics criteria complbtos 
tho dooign. 

IHio static solution roquiroa tho design of 
tho coiiimno and tho foxmdation. 



Colunn T.^Qcilf.71 



Load on o<ich colur'n: 

Eatlnatod allowabio com- 

pi'onolvo otool atreco: 

Aroa of colw.::n roquii’od: 

Uao - ii-.O inch stool pipo 

Area = 

iToaont of Inortia « 7*233 
ra<liua of gyration - 1,5>1 
vioicJit - 10 Ibo/ft 
Poijndotlcn !>>s:lr'n 

Load on foundation: 

III VO load 

roundatlon (10>s' of LL) 
Colujma and Cirdora 
Total 

Frosi Table 1 tho alloKablo 
boaring capacity of 
ennd: - uso 

Area of foimdation required: 

Uao 10 ft squaro foundation 
since coluana aro spaced 
8 ft apart: - Area 

Not soil prassuro (weight of 
foundation not used): -» 



23* tons 

18 kipa/in^ 
2.78 iii^ 

In^ 

in 



200 klpo 
20 kips 
h. kips 
22k Jcipo 

1 tons/ft 2 

7$ ft^ 

100 ft^ 

20'.f. kion ja 2 

100 ft^ 



Ila:c5rim bending noraorib 

in foimdation(at oonoor); 

12 (102:4) - (2.0/pc10rox2.5) ~ 1^35' inch-klp3 

Tlio depth of tho foimdaticn 
con bo foinad us in" tho 
o qua t ion; 

ihajab 

whoi’o Q=:bondJji2 r.o'^ont 

kd-distcnco fron o::tro;no oomprooaivo 
fiber to noiitral ascio (o:q 5 i’ 030 od aa 
a fraction of d) 



jd=dlat«nco botnoen resultants of tho 
tonailo and coraprosoivc forces on tiio 
section (expressed as a fraction of d) 

d^diatnneo from oxtromo flbor to atool 
roinforcemont 

b^width of section 

f *==ninxintun coaprooaivo stroso allowed 
In concroto 



Asoming that f «1000 pni; j“.875# h~»37i>; then 
d~10 inenes for Q=183 !j inoh-kipa, 

iVllotvlns k- inches of covor 

tho depth of tho foiuidatlon la llj. inchoo. 



I'/oiglit of foundation; 



Conoi-'otci 



15^0x10x10x1jj. 

^2 



17.5 hipa 



holnforcing Stool _ 2«5 kip a 



Totiil 



20 kipo 



Structixro Constanta 



ilaao 



of foundation cad 
« ^00Q0^^0 



lovjor half of columns: 
. « 5»2 olxigs 
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r.Culv;.lont nr. no of ccuoora, oloctrordc oqu.lp- 
r.:ont, flooi* up'poi* half of 

coluraia : 



Mp 20pp00;^^.?^00t20 « 526 cjlur.a 

366 

Vortical oliiffnooo of aoil; 0^=7 *6 fi’ou Table I 

ICj(vort}« 7.6 X 2000 x 100 = 1520 kipa/inch 
Latoral ctifi^noco of soil: 

K/j (lat)=-5x^ (vort)=760 kips/incla 
Vortical sfciffnoas of coliu'^ns; 



Tlao vortical stiffness of the colurmn la 
rrach creator tiLv.n tho vertical stiffnoao 
of tho soil nans and tho stnicturo trill 
oar.onti illy x»ospond as a sjjti^lo dofjroo 
of fi'oodon systor. in tho vertical direc- 
tion. For vertical raotion aaoumo 
mid K2/ilj=50. 



Latorcl stiffness of colicrais: 



L 

Jl- 



P£i orproasion for tho lateral otiffnooa 
of colianji fixed «t both, ends can bo 
ciorivod using tho Koaiont-ila*oa Theoroia* 



Figuro 







If tho top of tho coltiiTin shoxai in figuro 
5 (a) is diaplacod a unit ells tone o as 
DliotTn in flijuro 5 (b) vho rriociont diagraia 
nhoxm infiguro 5 (c) I'osults. Taking 
sioaionts about tho baso of tho laosioit 
diagram 



A 



St 






li 





L 




X Q X 



Xhl 



I, s I. = OJ,^ 

2 r tssr 



end oottiiis 



imity and oolvinc foi» Q 
6^1 



Q io tho imoricnt indue od at each end oi* 
the colirin \7hcn one end lo diaplncod a 
diotcuico 00 oho’.rn in ficui’o 5>(b). 
I'lio cliocM* in tlio col\r.ui nay bo Toimd by 
addin<:, tlio ncriGnto nt each ond and 
(ilvidinc by tlio icn^th of tho colU;'in, 
2IiO ohooi* 00 dotoi’Kiinocl ia oqulvalont 
to tho loto3?al otlffnooo of tiio colurnii* 



K » 






E, 



,v^5= iV . a J-Q — ss 223 hipt/inch 



3^ X 3b 2c 3<o 



liaoo end otiffnoaa I’atioa: 

Vortical motion K^/lvj «= 10 



« 50 

K^/n^ « 29200 
Lateral motion Eg/lv} « 0*29li. 

» 10 

« 1 I -.600 

Pundamontal natural oircular froquoncy; 



Vortical notion radians/oooend 

from chart 1, appoid ii: B 

Lateral motion p<j*»15 radiana/oocond 
from chart 2, appendix B 



froquoncy ratio: 

'j?lao Troquoncy of tho cro'orid diaplacc-' 
:nont wao c^.vcn aa ,5> cyclos/socond or 
3«14 raditu'ia/aocond. 

Vortical notion w/p-j^ O#602 

Lateral notion w/p^=* 0*203 

rtooioonoo 

Diaplaconont t 

Vox’tical notion 

Poxindatioa *2210 iiicUoo chart 6 

appondi:: 0 

KLatfoirtn 8.33:c1.2»10 inohoa cliart 12 

appendix 0 



Latoral notion 

Foundati on 8 . 33^t« • 2=1 0 inclio o 

chart 2, ap]7ondx5C C 

Platforn 8.33:^1*2=10 inchoa 

chart 8, appendix C 



Accolortttion: 

Prom tlxo pai’ti cular aolution of tho 
(jovoming difforontlal oquationn of 
notion it la aoon tint ‘aio aocolora- 
tion of ooch maaa ia appronimatoly 
equal to the froquoncy of tlio forcing 
f^aictlon squared multipllod by tho 
dioplncomont of tho maaa. 

In both vortical end latoral notion 
tho aocolcration of tho f oundation 
and platfom ia 

(3*14)‘^-^'10’=9^ inchoo/aooond^ 

t/hioli ia l033 than 0.26s. 



Ihoroforo tho initial dcaign aatiafioa tho condl 
tiono of tlio problem. 



A I'iaval conooruotlcn Battalion building a 
ccncroto airctrip in a rcuoto ai*oa roqxiiron a 
v2.bnating Gcrood to o:cpodlto thoii* placing opora- 
tiona and being roaoiipcorul they liavo Babricatod a 
scrood from aurpluo mater lain, 'fJio ocrood itaolf 
ia mado of t-rood (dvsiiGity» 5*0 poimda/ ft3) 20 foot 
long by 12 inchoa Mgh by 10 inchoa thlcli. A 
anall gaoolinc ongino and vibrator imit (total 
v;oii^it« pO pounda) aro mounted at tho centoa? of 
tiio acrood, TiiO vibi*ator unit consiato of a 5 
pouiid v/oight moui'itod on a 10 inch flyirhcol and 
tl-io cccontricity of tho pound weight Ciui bo 
vai'iod, i'ho ongino turzio tho flyuhool at 3*00 
?d‘il« Lateral vibi*ationa tronanitted to tho 
Gcrood througli a rubber ahoch mount whoso equiva- 
lent atiffnooa ia oquol to 3200 pounda/inch. 
lloglocting vortical vibrationa and aaaitraing that 
tho mcolraum lateral asiplitudo of tho ocrood ia 
lii'iitod to 0*1 inch to prevent oogi*egatlon, 
dotonaino tho eccentricity of tho 3 * pound x7oight* 
Asaxmo niodulua of olaaticity of wood ia 1 , 3 * 00,000 

p 

poxmda/inch • 

Sol.utlon 

Bqui valent naoa of ocrood (aasurao *623 
of total Moight): 






306 



Ilaco of cnsino end vibi’afeor 




13 olu^o 



wtilffixsa of ncrood 



TJoo doflootioii fon^iula fos’ doflocoilon 
at center of a rjiimly Gupporbod bean 
diic to concoiitratod load nt centaur. 
Load that cauGoo a 'onib doflection ia 
stiffnoGG of boan. 



Kaos and stiffnoaa ratioa: 
i-iy'K^ « *1 

i&j/i'tj « lj.000 

Pundcoaontal nat\Ji’al circular frociuonoys 
» 60 radiariG / aocond 



= 0*672 

32n.torin?? cliart 16, appondlx 0 obtain a, 
i^iiltiplicr Value of 6.021 

Thoroforo 0.1 z ii.000 « k7*G pounds 




froa chai't 3> appondis B 
D’roquoncy ratios 



X 6.28 =* 5J2.3 radians / oooond 

\J\J 



k.QQ s .021 



I 



3*1 



IT F~ Ti :c :: 

then 5 = = 1 .35 

3' :: 5?'2.3 J: 52.3 

/Cl occontricity of 1*35 inchon ;/lll oauoo 



tlio oci’cod to vibi*ato ;rit:h an aiuplitudo of 0*1 
inch or loaa. 



IV. SL’iairuT/ 



Tiio o:oar*plo problonia pi’osoi&od in Part III 
thoutih GT'oa'uly ainpliriod illusti'oto tho procodupoa 
end noons that should bo xxood 5 ji tia doslcn or 
at*auctin:*oo involvin{r and in solving bho cpvoim- 
in£i difforontial oquationa of notion by tho chorta 
Provided. Tho ator>o in tho above j>rocoduroa aro: 

Stop 1 Obtain a auitablo dooicn fo2» atatio 
Condi tiono* 

Step 2 CalCwilnto tho nooc and voapootivo 

atiffneae fon each paz*t of tho ayotoa 
end aaai£n aubacx'ipta to thoao valuoo 
ao that tlio ayoton ia analogca to 
and tlioi’ofoz'o can bo rops'ooontod by 
tho nodol diacuaaod in part I# 

Koto: bnita of tho raaas end stiffnosa 

nuat bo conaiatont. If tho otiffncao 
ia roprooontod aa pounda/inch tlxo maoa 
nuat bo oxpi’oesod as pound-aocond^/inch 
Stop 3 Celctdato tho ratios Kg/lLj, M 2 /HJ, and 

l^A^ . 

stop 4 liitor Ciiarta 1,2, oi’ 3 of appondiic B 
and obtain tizo fundainontal natzirai 
circular froquoncy, p-j , If tho frequency 
of tho socond natm^al mode is wealed 
ontor charts Ij. or of eppondizc B. 



step Cdlctilato tho ratio of tlio fi'cqucnoy 
of tlio forcing function to tlio 
fundanontnl natural circular froc£ucncy 
of tho cyataa, v/p^ • 

atop 6 Jjbitcr tho Oliarto of Appondiri C to 
obtain tho raaponao of tho oyatom. 

IToo chcirta 1 th^ou^:i^ 12 if tho forcing 
ftinction is appliod as base icotion 
or chart s 13 thi'ouf^'jh 2li- if tlio forcing 
function is apx>liod to raass t^;o* 

*fho procccluroo outlinod above oatabliah tho 
a basic approach to dosi£nlnti vibrating otructuroa 
Involving two nasoca and ttro dogrooa of frcodoivi. 

Ihc o;uvnplcs prosentod ohoix tho divorsifiod nature 
of such design problcsis end it is tho authored 
intent to docionatrato tho flojdbility of tho charta 
that hovo boon provided* 



*A tL*if 



^0 



'I 






J> 






6 



Jucobncn;, I.vd *lo S., .'■iiid /iy-^o> rioboi'*t C, ; 
”j;ii£lnoca'*iln^5 Vibraticna’% IlcCra'a Jlil3. 

Bool; Cor.:pci'i 7 , Inc,, IJcti Yorlz^ 

r;oi;;oro# Cl'ovcx* L. ; ’’Dynoriico oi* Soitic- 

t-oi'cc'*, Jolin V.'iloy smd iloiao, Inc., Ho;; 
rorl:, -295^9. 

*x^ti7X*ox*, x2ont*idd X*f.i iAOcn'.inXoc^^, 7oIin 
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Bai'*2-:cn, D. B. ? "Dyncriioc of Bacon end Poi:ndQ- 
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liOO 



A. « Kov.iruJr^I 



tT,-i -y'*r'v n--^ 
«cv U «.X 



II,, Coiirlnr 



^7 



'Ooo;lj 3 ii of I'^illilntor'y Hoin- 



•o> 



forced Conc'roto Bnl?v dince for EcA’tJ'icraoko 
Potion”, fortlcril Go.v.ont Aonocintlcn, 
1961. 



KarrXa, Cyril H.> Crodo, Chai’loo P.t “BhoeX: 
Vibration H: .ndboclf, HoCrQ'?; liill Book 
Cor,pnny, Inc., 1961. 



Piocn'^n 1 



I'-oPiOIUG F0:TC'?3;0I-I AP.l.Ili:D AG bags I-IO'PIOIT (MORIZCl'TAL) 

a(2^J), b( 25), c(2i^), ^(25), 

iPG/u) 1, in,n2,IT3,ri{-,i>(B),A(I),B(J),0(K) 

1 Fvima’ ( ) 

2 

2 i? ( 1H1 , Ox, ihp, Ox, 5hki/hi ,1|X, ^ii?:2/ki , 11 x, 5:1112/ 
ii1,12X,3-WP,‘^3X 

, 2IIX1 , T ]-iX, 2FiX2, 9X, 1 0ilBISL BIB FLAG Slfilfi' ) 

DO 500 L»1,K1 

DO 500 1=1, H2 

DO 500 J=1,H3 

DO 500 K=1,H4 

.>’II?=A(I) * i)(L) 



oLt;g«b{j) 

XliXT^CdO 

C2'J:>L alpha ( RA'1‘10 , ;.Vi‘XF, 3LUG, AL?Ii/i1 , ALPIL\2, ?, P2 ) 
U=?A-'.JBXP 



CALL BIGX{ RATIO, 32IP, SLUG, W,BXGX1 ,BXGX2) 

X1=AB3P( (I//P)*:K (BIGX2-ALPHA2*3IGX1 )/( ALPHA1-ALPHA2) ) ) 
1'J“AB3F({V//P2 )•::<{ (DIGX2-ALPxiAl«:'BIGX1 )/(ALHiA1-iU,PIl\2) ) ) 



2fAB3P(BIG:v1 ) 

X2=AB3?( AL?I-L\1 * (Pf/P )c>( { BXGX2- ALPIiA2-::-BIGX1 )/( ALPHAl -i\LKI A 2 ) ) ) 
1-^A3SP(ALPI£A2-:>CV?/P2)-;K<BXGX2*ALPrLAl*DIGXl )/(ALPHAl- ALPHA2)) > 



I'iioGaAn 1 (con’t) 



yI2-AiSJF{Ar/.^KAlo0wyi’):>{ (BICGC2~A'LPHA2vv.IGXl )/{ ;ijy<?'IL\1-'\LPiLfl2} )) 
1 +.A":o7{ ALPIL^Sw-dZ/FS ( { 310X2- At, PHA^ --3I0X1 )/( AIA3IA1 -ALPH A 2) ) ) 

^ 4.^«L ^ 

a.jL/:»x2-xi 

rxBiA* 3,?inA'jexo, A(x),3irja,':-ffirF,xi , x2,kelx 
X'OrOAiu? ( F6 . 2, FI 6 . 2, Fa . 2, 21-'*'! 6 , 2, 3F1 6 . 2 ) 

•I'lo FOAi-o'-m<o auD20?ji'ii:n iiatioi-j 

3U3X0Ui‘Xmi PXPxL'i (A,B,0,D^3,G,H) 

( ( /V!-3)A-\->'3/{ 2.4i-C) )-3atX*I’{ ( (x\-i*3)/2.-{-B/ 

(2.<.G))^:-:>2-A3:3/0)) 

H=:: irrfF( G-:^G-5-2* •::-3CF^X’F( ( ( { A’i-3)/2. )+B/( ) )*v>2-A-::*3/0 ) ) 

L’=(A'i'3~K^'5lX)/3 

AAiH lAiLLO-axlG GTrBIuPiJ^eii;;^ 0avx£AA!i’E3 PHI2 HAXII'!IOi 
DI3?I-,AC:A'Uiiri:A 

333n-jTri?IIJ3 EX GX ( A, B, C , U, V , S ) 

A^5- ( )/ ( ( APB »B/C ) PA-:jD/C ) 

APBP( ) )*5*Av>3/G) 

IIIXjTJ'FJT 

3XD 

Br;i> 

FCLBOX’ISFJ Px^OGSM-I 13 IvBAIffi CAHI) '23^? DAA'A CAIVOS 



ABFcndil:?: A 



v;u > • ■ t*-- 






l-’C.(vJIIiC:- FKvOTIOlT A;?; LI::D to OSCOID. M 7 wOH (HOMI',nOirT 'J.) 

a( 2 >),b(;£ 5 ),c( 2 p),:>( 25 ) 



•' 7 "*' ’1 f 

i X* \,i i,» ►h'i JU V ” 



^ i»v« 



■) 



2 i'vFL :.'iT ( 'I iii , 6 x , 1 H?, 6 a> ilicd /i-:i , ipc, 5 i^iT:i/s:i , 1 1 
^iLiaA>'i , 't 3 aT/j% 1 3 X 

■i , aa;a , i4>:, 2 jl'C2^9x, 1 Di\>iOOAOi‘i^-mT) 

20 500 i>1,in 

DO >00 X«1,xl2 
DO >00 j--i,r;3 
DO >00 
H.-IT2C«=D(L) 

3T2i-^A(2) ^2- :a(D) 

OLOO~B(J) 

i-n 3 z^«c(iO 

OAGL /iDPHA(aATIO,3T2F,Oi;aO, ALfHAl AuFiiaS, P, ?2) 

U“p<iV©rx’ 

C;a..L BXCZ(EAT2G,3TXF, 3DIfO,lJ,3iaX1 ,3X0X2) 

>n~.iB 5 F( ( 32 €X 2 -/iLPI 3 Vi-:<OT X 1 )/(x^ITI 41 -a: 0 PHA 2 ) ) ) 

1*J«A33.?( (7/P2)iJ( (BIGAS-ALPIi/Oh^BtCDOl )/{a.PHAl-AL?iiA2) } ) 
2 ”i*AI# 0 F(xiXtUi 1 ) 

X2==AB3X^(A3PlU1-i'Kv;/P)«J{ (3I0X2-A>Pii\as:-BIGXt )/{ALPriAl-AL?HA2) ) ) 
1^^A3SP{il3P‘3\2i:(V?/P2}-i:*( (BIC-Z2-/JA?UA1*BXGX1 )/(i\3PH,U«PXPHAa); ) 
£>A30F(DIGX2)- 



2 (Corv’t) 



a\T^* uX^ -* ^ * 



3> ^2, ka'HO , a( i ) , jr/jc,v/Brp,xi , X2 ,rs:ox 
yc ( FS . L% FI 6 . a, FG . 2, ZF1 <S . 2, 3?^i 8 . 2 ) 

'-'.lt; ?-oi.Lo-n:r40 ::.-G:>2vi2iiiK ur:;L2F.a'ra3 Ai':r.Ta'i!iTuF mtios 

n v;* p. 

• — *-♦ W t* f-W ^XV.4.I< t l.Ci ^ A'i J i J J V4 -j «ii / 

C~Gv:-IF( • ( Vr;0)/2\'i-B/{ 2.550 ) )-3:.^iFi?( ( (;i-5-3)/2.'tB/(2.<5C) ) 

5 ;• 54-J •- -' ‘-4 0 ) } 

0;;-C^'2.-:j; 3CSI1?F{ ( ( ( A-:-B)/2. )-i-B/(2. ) )«'.2-.A-::-3/C ) ) 

!>= (A-;-3- G-i^ai/B 

. i'f 

F-ii .&X)tl,-C‘.;XNa SL‘GHCI}"ri:‘3 (a;r;2:EBATH3 KI3 
a’ftUiGXl'.l!:'!' DiaPBAOH-iESTB 

3IGX(.A,B, C/J,V, 2.) 

V-1 0000.5:B/C/(rto;’4~35Avr:>C4'i'B5'( I^/C ) ) r<V:^B/a) 

0000 . 5i- c S/0~\755-y )/ { Uix; V 

'"1"A 
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Appendix B 



CHART 



UNIVERSITY BOOKSTORES 



GRAPH NO. 4 



4 *^ 
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f0 UNItfJIRSITV^r Mlty^ESO^A 
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Chart 24 
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simplified and direct design 
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